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WASTEWATER PRETREATmENT SYSTEm fOR A
PRINTED CIRCUIT BOARD PLANT
BY
RAymOND F. GREEN, P.E.
ABSTRACT
The wastewater from the electroplating processes
required for the production of printed circuit boards

has a high heavy metal content.

The regulatory agencles

of both the federal Government and the state of florida
set pretreatment limitations on the quantity of the
hazardous heavy metal ions that may be discharged to a

receiving body of water or to a Publicly Owned Treatment
Works.

A number of treatment processes are available

for the effective removal of these pollutants.

The

mechanism behind the more common processes are discussed
in this paper.
many variables must be considered in the design

of a wastewater pretreatment system.

The more important

variables BrB enumerated and the criteria to integrale
these variables inlo the treatment selection process and
ultimately into the design of the pretreatment system
are covered in detail.

flow diagrams and equipment

lists for the treatment processes selected are given as
well as a breakdown of the lolal construction costs for
this project.
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1.0

INTRODUCTION

The Orlando Division of martin marietta Aerospace is constructing a new printed circuit (PC) board
manufacturing plant at Ocala , florida.

The plant will

include two new automated plating lines and a manual
plating line relocated to Ocala from the Orlando manufacturing Plant.

In addition to the plating facilities

the plant has the normal complement of etchers,
scrubbers, strippers and other equipment necessary for

the complete fabrication and testing of PC boards.
The wastewaters generated by PC board plating
are difficult lo treat for heavy melals removal since
special chemicals are used in the formulation of the
plaling baths to improve lhe solubility of the plaling
melal.

Both the Electroless Copper process and the

Electroless Tin process are used for plating in Ocala.
In lhese processes the copper and tin are kepl in
solulion by chelation, lhe intramolecular bonding of
the metal with a chemical.

Ammonia complexes such as

thiourea are also used to prevent precipitalion of the
metal from lhe bath during the plating operalion.
Since these complexes are designed to prevent undesir-

able precipilalion, lhey also inlerfere with

2
conventional precipitation treatment techniques.

It is

for this reason that the chelated and ammoniated wastewater stream as well as the cyanide-bearing and chromebearing wastewater streams are segregated for treatment
by separate processes .
When the plant is operational, treated process
wastewater from the plating facilities and associated
production equipment will be discharged to the local

publicly owned treatment works (POTW) operated by
rlorida Ridge Utilities Corporation (rRU).
FRU will pro vi de final treatment of the wastewater before discharging it to a state approved
percolation basin.

Thus, the martin Marietta Corpora-

tion waste treatment plant at Ocala falls in the United
states Environmental Protection Agency's (EPA) category of a pretreatment system.
Since the plating chemistry for the automated
plating lines is a new process to martin marietta
Corporation, a consulting firm was retained to perform
wastewater treatability studies and, as a result of
these studies, to recommend treatment methods for the
various wastewater streams .
The actual time duration for the project from
the beginning of the consultant's study to the start
up of the wastewater pretreatment plant was eighteen

3

months.

The selection of the pretreatment facilities

and the associated construction costs are discussed in

detail in this report.

•

2.0

SOURCES

or

WASTE

The manufacturing processes far the production
of printed circuit boards are batch operations.

The

parls to be treated are immersed in a chemical bath
where one step in the manufacturing process takes
place.

After the treatment is completed, the part is

removed and the process solution is rinsed off before
the next slep.

The rinse minimizes contamination of

the subsequent process solutions as well as maintaining the quality of the finished product.

The large

volume of contaminated rinse water containing dilute
quantities of process solutions, called dragout. is
one source of wasle .
A second source of wasle is the dumping of the

spent process solutions, called baths.

Process baths

accumulate impurities during their use and bath additives deteriorate with time.

When the baths no longer

meet quality standards, the solutions are drained for
treatment prior to discharge.
Other wastes come from process spills, tank
leaks and air pollulion control systems.

All of these

wastes contain metals, acids, bases, organics. etc.,
in solution.

To meet discharge water standards.

5
treatme~t

of some type is necessary to remove most of

the pollutants .

..
3.0

SYSTEm PARAmETERS

Step-by-step procedures used in the selection
of the final pretreatment system included.
1.

Estimation of average and peak wastewater
flow rates

2.

Estimation of the concentration of various
chemical species in the wastewater influent

and effluent

3.1

3.

Review of technical and cost aspects of
the available t reatment processes

4.

Estimation of the volume of sludge generated and selection of a sludge disposal
method

Effluent Flow Rates
The first step in the design of the wastewater

pretreatment system was to determine the effluent flow
rates

~nd

the chemical composition of the various

wastewater stream3 .

The bulk of the hydraulic loading

for the pretreatment plant comes from the rinse water
cycles.

The effluent from the various rinse tanks

were segregated into four categoriesl

1.

Acid alkali rinses

2.

Chrome -bearin g rinses

3.

Cyanide -bearin g rinses

4.

Chelated and ammoniated rinses

7

The contents of the plating and cleaning tanks,
called baths, are drained for treatment on an irregu-

lar basis.

These concentrated dumps were also segre-

gated into four wastewater streamsi
1.

Acid dumps

2.

Caustic dumps

3.

Chrome dumps

4.

Ammoniated and chelated dumps

Classify ing the wastewater streams in the above manner
simplified the s election of the applicable treatment
processes.

The estimate of the quantity of wastewater in

each rinsewater stream was the product of a joint
study by the manufacturers of the new equipment, the

treatability consultant and the plating shop personnel
in Martin marietta's Orlando facility.
The design hydraulic loading for the treatment
proces s es was based on a peak flow rate of approxi-

mately twice the estimated average flow rate.

This

provides for both future growth in the plating facility
and possible future changes in the plating chemistry.
The estimated and design flow rates for the process
effluent 8re shown in Table 1.

8
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TABLE 1
ES TImAT ED EffLUENT fLOW RATES

rio", Rate (Gal/day)
liJastewater Stream

Average

Peak

46,500

80,000

1,100

2 , 200

740

1,500

7 ,940

16,000

56,280

99 ,700

Acid Alkali Rinses
Chrome-Bearing Rinses
Cyanide-Bearing Rinses
Che1ated Ammoniated Rinses
Total

R. P. Slevens, S. J. t urstein, and
J. R. Lawson, Concept Engineering Ae10rt
Wastewater
Treatment Printed Circuit Board Plat n
acili£
martin marietta Aeros ace Dca a
or1 a
Decatur,
GAl Roy F. lAJes on, Inc..
I
p.
SOURCE

I

f

3.2

Effluent Chemical Species
The quantity of the various chemical species in

each rinsewaler stream was estimated from the co ntents
•

of a similar wastewater stream in the Orlando facility.
An allowance was made for the increase in the concen-

leal ion of the chemical species in each rinse due to
the use of counterflo w rinsing at the new Ocala
facility.

Counterflow rinsing reduces the quantity of

rln se water required by the process and as an added
benefit,

increases the concentration of the chemical

9

species in lhe wastewater stream.

The estimated

chemical composition of the effluent is shown in
Table 2.
TABLE 2
ESTImATED CHEmICAL compOSITION
OF PROCESS EFFLUENT
Concentration (mg!l)

Parameter

Acid
Alkali
Rinses

Chrome
Rinses

Cyanide
Rinses

Ammonia

Chelated
Ammoniated
Rinses
300

Chromium He xa73

valent
Chromium, Total

o.lB

Copper, Total

16.5

Iron, Total

12.5

lead

1. 65

Nickel

1. 55

Tin
Zinc
Fluorides

13. 2

105
77

B

0.12
47 . 5
3.0

Cyanide

SOURCE, R. P. Stevens, S. J. Furstein, and
J • R • l awson. C oncep tE no i neer i no R epor t , Was t ewa t er
Treatment Prin ed [irCuI Board P a Inc acl I : v,
orl a (Decatur,
martin mar etta Aer05E8ce Ocala!
GA, Roy r. Weston, Inc •• i978), p. 28.
f~

•

4.0
The

PRETREATmENT SYSTEm CRITERIA

c~lteria

for lhe selection of a treatment

process was based on the following assumptions,

1.

The capacity of any treatment system will

be based on a normal operation of eight hours per day

2.

Bench scale laboratory testing of the

treatment system showed that proposed discharge limitations could be met

3.

The treatment system will provide sufficient

holding tank capacity to handle flows at peak flow
rates and provide for an orderly shutdown of the plating
lines in the event of a breakdown of the treatment

system
4.

Separate holding tanks will be provided for

the concentrated dumps.

These dumps will be fed at a

slow but constant rate to the appropriate treatment

system to avoid large fluctuations in the chemical
concentration of the rinsewaler stream

5.

All treatment chemicals must be available

from more than one source to avoid the possibility

that an unexpected problem in a vendor's facility

could interfere with the production of PC boards

11
•

6.

The sludge generated by the treatment

processes must be acceptable to Marion County officials
for di sp osal in a sanitary landfill operation

I~

•

5.0

APPLICABLE TREATmENT PROCESSES

As discussed previously, the wastewater rinse
streams are segregated into four categories to facilitate treatment.

Any dumps of concentrated solutions

are rouled to separate holding dumps.

trom there the

dumps are pumped at a gradual rate to the appropriate

treatment system to avoid any sudden changes in the
chemical concentration of the wastewater stream.
5.1

Acid Alkali Wastewater

The acid alkali wastewater streams are amenable
to standard treatment techniques for heavy melals
removal.

These include chemi c al preCipitation, ion

exchange and reverse osmosis.
In the chemical precipitation method sodium
hydroxide or lime is usually used for adjusting pH and

precipitating the melal content of the wastewater as a
hydroxide (Lanonette and Paulson, 1975).

Optimum

melal precipitation occurs at various pH levels and
depends on such factors as the metal itself, the
insoluble salt that has been formed, and the presence
of complexin g agents.

Operating costs are less for

lime, and lime yields have some technical advantages

13
such as better solids sedimentation and sludge dewatering properties.

The disadvantages of lime are the

increased volume of sludge and the difficulty of feeding the lime.
Ion exchange involves the reversible interchange of ions between a liquid phase. the rinse water,
and a solid phase, the resin (Veats, 1978).

It is

effective for moderate volumes of rinse water contain-

ing low concentration of dissolved metal ions.
Heavily chelated metals are not effectively removed by
ion exchange.

The wastewater is first passed through

a cation exchange bed where the metal cations are removed by exchanging them with hydrogen ions.

The

water is then passed through an anion exchange bed to
remove the anions which are exchanged with hydroxyl

ions.

In many cases the final effluent is suitable for
~esins

reuse as rinse water.

The saturated

e~ated

alkaline medium.

with an acid

o~

regenerant solution is

smalle~

a~e

regen-

Although the

in volume and higher in

concentration than the wastewater, the metal values
still remain to be adequately disposed of or recovered.
In the reverse osmosis process the use of
selectively permeable membranes makes it possible to
concentrate the pollutants in the rinse water in their
present chemical form while generating an effluent

14
stream, the permeate, that is relatively free of the
pollutant.

The permeate can generally be reused as a

rinse water.

The concentrate, if free of any undesir-

able chemicals, can be returned to the plating bath.

If the concentrate cannot be reused, it, like the
regenerant solulion in the ion exchange method, slill
remains to be adequately disposed of or the melal
values recovered (Jakobsen and Laska 1977).
5.2

Reduction of Chromium

The treatment process for the removal of heKavalent chromium usually involves chemical reduction to
trivalent chromium with sulfur dioxlde, sodium bisulfile, sodium metabisulf!te or ferrous salts at
pH 2 - 3 (Lanouette 1977).

The trivalent chromium is

then precipitated at alkaline pH's as the hydroxide

with caustic or lime.

Nonreduclive treatment of hexavalent chromium
include ion exchange, evaporative recovery and reverse
osmosis.

However, there are limitations on the alka-

linity and acidity of solutions in the reverse osmosis
process that eliminate some chrome baths from treatment
unless the solution is modified prior to treatment.
Evaporative recovery methods, while practical, are
energy intensive and thus not generally cost effective.

15
5.3

Chemical Treatment of Cyanide
In the plating industry cyanides are treated

most frequently by oxidation to cyanate at a high pH or
further to carbon dioxide and nitrogen at a lower pH.
Cyanate is much less toxic than cyanide and may be
acceptable for discharge at some plant locations.

The

oxidation processes used are alkaline chlorination,
peroxide oxidation, ozone oxidation or electrolyte

oxidation.
The alkaline chlorination process is the most
widely used process for the destruction of cyanide
(Beall and mcGathen 1977).

Chlorine or hypochlorites

are mixed with the wastewater at a pH above 10.

This

assures rapid oxidation of the cyanide to cyanate and
prevents the release of nitrogen trichloride or cyanogen chloride.

The reaction attacks the free cyanide

first and, as its concentration falls, the metal cyanide may become insoluble or the metal hydroxide floc
may envelop cyanide solution.

Rapid mixing will mini-

mize these problems.
When oxidation of the cyanate is required, the
pH of the solution is lowered below

~H

B.5.

In this

pH range the oxidation of cyanate to carbon dioxide
and nitrogen proceeds rapidly.
Peroxide oxidation is a patented, catalytic

15
peroxide and formaldehyde oxidation batch treatment
process that has been developed for alkali metal, zinc
or cadmium cyanide.
130 o F, and agitation.

The process requires heat, 120 0 to
The detention time is about one

hour per batch and is limited to the oxidation of the
cyanide to cyanate.
Ozone will oxidize cyanide to cyanate but it
is not as cost effective as the other processes.
However, cyanides of nickel and iron that are not
Bmenable to oxidation by chlorine can be decomposed by
this method.
The effluent discharge limitations for the
trealed wastewater stream from the
ility are shown in Table 3.

pr~treatment

fac-

These limitations were

approved by both the State of Florida Department of
Environmental Regulations (OER) and the Consulting
Engineer for Florida Ridge Utilities Corporation.
Electrolyte oxidation is practical as a batch
treatment process for strong concentrations of cyanide
above 1000 mg!l.

In addition to the oxidation of

cyanide at the anode, valuable metal can be recovered
at the cathode.

However, the process becomes very

inefficient when the cyanide concentration reaches
10 mg!l.

The additions of chloride ions to the con-

centrated solutions, followed by electrolysis, produces

..
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TABLE 3
EFFLUENT DISCHARGE
LIMITATIONS

Parameter

Lilllit (mg/l)

Solids, Total

None

5u~pended

20.0

Solids, Tolal

pH

6 - 8.5

Chromium, Hexavalent

0.5

Chromium. Tolal

1.0

Copper, Tolal

1.0

Iron, Total

1.0

Lead

0.05

Nickel

LO

Tin

0.5

Fluorides
Cyanide

10.5
0.05

18

chlorine or

hypochlorit~

in solulion.

This can destroy

the cyanide to the same law levels as obtained by direct

chlorination.
5.4

[helated and Ammoniated Wastewater
The chelated rinses are generated by the plat-

ing operations that utilize special chemicals to keep

the melals in solulion.

In the Ocala plant, these

operations are associated with the eleclroless plating
processes for copper and tin plating.

The ammoniated

rinses are generated by the plating operations that use

ammonia as a camplexing agent.

Based on the results of

the testing program for this project, the twa streams

can be combined for wasle treatment.
The combined flow rale of the ammoniated
chelated waste streams represents approximately 16% of
the total design flaw.

This is a significant quantity.

Incomplete removal of the pollutants from this wastewater stream by conventional preCipitation techniques
would probably nat be adequate to meet the effluent

requirements specified for this industrial wastewater
treatment plant.

The treatment techniques available for heavy
melal removal from chelated ammoniated streams

~emove

the metal from the wastewater without appreCiably
affecting the complexing chemical s .

Therefore, the

19

trealed wastewater stream can have the metals removed
but still retain the complexing chemicals.

This means

that the treated chelated ammoniated stream must be
kept segregated from any other metal bearing wastestream until the metal values have been precipitated
from the latter stream.
During the treatability study. the consultant
identified three treatment techniques for the chelated
ammoniated wastewater stream (stevens. Furstein and
Lawson. 1978).

One involved a reverse plating opera-

tion that was effective for the removal of copper from
concentrated dumps but did not remove
values.

o~her

metal

A second technique was the precipitation of

metals from the wastewater using an organic polysulfide.
This is effective for most heavy metals since metallic
sulfides have a lower solubility than do the corresponding hydroxides.

During the treatability study this

technique produced the best results.

Its major draw-

back is the use of expensive proprietary chemicals in
the process.

The organic polysulfide lreatmenl sludy was
based on a balch treatment process.

The reactor con-

tents were adjusted to pH 5.0 with sulfuric acid.

The

operator controlled the addilion of the organic polysulfide based on the copper concentration in the wasle

20

batch as measured by a cupric specific ion electrode
measurement.

After a one hour reaction time, the

wastewater was sellied and analyzed for copper concenlralion.

When adequate treatment was achieved

85

indicated by the copper concentration, the operator
initiated a lank

e~ptying

sequence.

A process flow

diagram utilizing this technique is shown in Figure 1.
The third technique studied was another batch

treatment process that required two precipitation

reactions.

The first precipitation reaction used lime

to adjust the reactor contents to pH 12.0 to generate
metal hydroxides.

Following a ane hour reaction time

and a thirty minute settling time, the settled solids
were discharged to a chelated ammoniated sludge holding

lank.

The reactor conlents were then adjusted to

pH 5.0 using phosphoric acid.

The second precipitation

reaction also required a one hour reaction time and a
thirty minute settling tIme.

Then the operetor

initiated a tank emptying sequence with the sludge
routed to the chelated ammoniated sludge holding tank
and the clarified wastewater routed through polishing

filters for final solids removal.

This technique is

shown in figure 2.
The "Sulfex" process is a proprietary technique
developed by the Permutit Company for the sulfide

~I

Fig. 1

Organic polysulfide treatment system

SOURCE. R. P. Stevens,S. J. Furstein, and
J. R. Lawson, Concept Engineering Report, Wastewater
Treatment Printed Circuit Board Platin Facilit
martin marietta Aeros ace Dca a F or da
GA. Roy F. Weston, Inc.,
9 B • p.
4.
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Phosphoric acid and lime treatment system

SOURCE. R. P. Stevens,S. J. Furstein, and
J. R. Lawson, Concert Engineering Rerort Wastewater

Treatment Printed C rcuit Board Plat n
mar in marietta Aeros ace Dca a
or
GA. Roy F. Weston, Inc.,
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precipitation of complexed heavy melals (Schlauch and
Epstein 1977).

Sulfide precipitation systems in the

past have not been universally adapted as a treatment
me t hod because of the noxious amounts of hydrogen sulfide gas generated and the formalion of c o lloidal pre cip i ta t es that are d ifficult to settle.

The "Sulfex" process uses FeS as a source of
sulfide ion .

FeS is a sparingly soluble but non - t o xic

heavy melal sulfide.

Its reaclion with CU+ 2 ions in a

solution containing EDTA as the chelate is as follows.
CuEDTA- 2

+

FeS(

.)

= CUS(s)

+

FeEDTA- 2

Because reS has a very low solubility , its
tendency to react with water and generate H2 S gas is
low. The vapor Qver a solution containing 20 ppm of
sulfide is only about 0.003 ppm.

The minimum value

detectable by smell is reported as 0.002 ppm in the
merck Index.

Due to its low solubility , 6.1 x 10- 10

moles/I. the ferrous sulfide produces a saturated
soluti o n and no more sulfide dissolves than is required

to precipitate the toxic melal ions.
For reasons of effectiveness. availability and
economy , the

fer~ous

sulfide is not added as ferro us

sulfide but instead is freshly preCipitated by reacting
an iron salt with a soluble sulfide such as sodium
sulfide.

If a source of alkali , such as lime or

26
sodium

hyd~oxide,

is simultaneously added to maintain

the pH at a value higher than 7.0 , the evolution of
hydrogen sulfide gas is prevented.
An advantage of the "Sulfex" process is its

ability to remove hexavalent chromium in one slep as
opposed to the typical two-step process used wit h
hydroxide precipitatIon.

The reactIon at alkaline

pH values of B.O - 9 .0 is as follows.
-2
9
Cr04 • 4H20 + FeS(s) = 5(5) • Cr(OH)3(s)+ 20HA disadvantage of the "Sulfex" process is the
lack of knowledge about the long-term stability of the

sulfide sludge .

Speculat ion on the weathering of

sulflde sludges indicate that sulfuric acid mlght be

formed by oxidation and melal release would follow.
A flow diagram for the "Sulfex"
shown in figure 3 .

process is

Fig. 3.

"Sulfex"

process

SOURCE, U. S . Environmental Protection
Agency. Treatment of metal finishing Wastes by
Sulfide PrecIpitation. by Richard m. Schlauch and
Arthur C. Epstein. Environmental Protection Technology Series EPA -600/2-77-049 (Washington. D.O.,
Government Printing Office. 1977). p. 27.
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6.0

ELECTROPLATIN G SLUDGE

The wasle treatment process in the Electroplating Industry produces a sludge high in metal
content.

The m8tal ions in the wasle stream are pre-

cipitated as metal hydroxides by adjustment of the pH
to the 8 to 10 range.

The solubilities of most metal

hydroxides are at their minimum in this pH range (see
Figure 4).
The water-sludge mixture formed by the adjustment of the wastewater pH is thickened in a clarifier
to a mixture that is normally two to three per cent
solids.

The slUdge may be disposed of in a lagoon, a

drying bed, or a landfill.

]n some cases, to reduce

the amount of water to be handled, the sludge may be
dewatered in a filter press, centrifuge or some ather

mechanical

oe~ice.

The damage potential inherent in the disposal
of the water treatment sludges involves resolubilizing
of the metal hydroxides in water or leachate with pH's
at or below 7.0.

The solubility curves shown in

figure 4 indicate the rapid increase in metal solubility
as the pH drops.
metal ions in the liquid associated with the

10
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sludge can percolate through parou s sail and become a
potential source of groundwater contamination.

lmper-

vious lagoons require evaporation into the atmosphere.
However . in many parls of the U. S. the average annual
rainfall equals or exceeds the atmospheric evaporation .

Additionally . heavy rainfalls can fill and

overflow lagoons.

metal ions may be leached from

metal hydroxides and the surface fun-off to adjacent
streams or lakes may be in sufficient quantity to be
detrimental.
As a case in pOint, EPA in their effluent
guideline studies for the electroplating industry .
reported the contamination of groundwater by plating
wastes held in lagoons in Nassau County, New York.
Plating wastes have seeped down from the lagoons into
the aquifier intermittently since 1941.

This seepage

has resulted in a plume of contaminated water some 4,300
feel long, up to 1,000 feel wide, and as much as 70 feel
deep. extending downgrade to the headwater of massapequa Creek.

Originally the plating waste water was

untreated and the concentration of hexavalent chromium
in the groundwater was about 40 mg/l.

Since the start

of chromium treatment, concentrations have decreased
to less than 5 mg/l in most of the plume.
Battelle-Columbus Laboratories in a study for
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EPA, estimates that 19,792 metric lons (dry weight) of
water treatment sludge were produced in 1975 from

United Slales job shops.

The 1983 estimate of sludge

production for lhis segment of the industry is 74,080
metric tons (dry weight).

No estimate of sludge pro-

duction was made for the captive shops in the electro-

plating industry.

By definition, a job shop performs

contract metal finishing an parts owned by its customers.

A captive shop is a part of a larger manufacturing
operation requiring metal finished parts.

The metal content of a typical electroplating
sludge is shown in Table 4.

Eighty-five per cent of

the slUdge, on a dry basis, is estimated to be metal
hydroxides.
One environmentally adequate method to dispose
of electroplating wastewater sludge involves surrounding the sludge with a medium which will ensure alkalinity of any liquids caming into contact with the

slUdge.

The object is to keep the pH of any leachate

within a range of 7.0 to 10.0 to minimize the metal
solubility.

Figure 5 illustrates the technique.

This

disposal method is currently used by an Armstrong Cork
Company plant near Lancaster, Pennsylvania.

The

disposal site has been in operation since march 1971.
Quarterly testing of t he groundwater at the site has

revealed no increase in heavy metals (Crumpler 1977).
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TABLE 4
ESTImATED AGGREGATE ELECTROPLATING SLUDGE compOSI TI ON
Compound

Dry Weight

"

Dry Weight

metal

cu(OH)2

12.3

Cr(OH)3

14.8

Cr

7.5

Ni(OH)3

39.1

Nl

21.0

Zn(OH)2

17.1

Zn

11.0

Cd(OH)2

1.7

Cd

1.0

15.0

Non-metals

51.5

Impurities
Total

Cu

B.O

Total

100.0

lOO.O

SOURCE, U.S. Environmental Protection Agency,
Office of Solid Waste management Programs, Impacts of
New Water Pollution Re ulations on Solid Waste Mana eIften.
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Government PrIntIng Office, 1973), p. 103.
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7.0

DESCRIPTION Of SELECTED WASTEWATER
TREATmENT SYSTEm

The rinse waters from the various PC baard
plating systems are segregated into four separate
streamSI cyanide bearing rinses, chrome bearing rinses,
chelated rinses and general acid or alkaline rinses.
Concentrated balh dumps are segregated into four streams)
concentrated chrome, concentrated caustic, concenteated acid and concentrated chelaled dumps.

Each of

the four rinse streams flow by gravity into indivIdual
inground holdlng sumps.

The concentrated acid dumps

and the concentrated chrome dumps flow by gravity to a
common sump.

The concentrated chelaled dumps flow to

separate sumps .

Each holding tank has sufficient cap-

aelty to handle the waste water flow plus a reserve
capacity in the event of a shut down of the

treatm~nt

system (figure 6).

7.1

Chrome

R~duction

Treatment Process

This is a two-stage process with a detention
time of sixty minutes (figure 7).

Chrome bearing

rinse water at the rate of 10 gpm plus a metered stream
from the concentrated Chrome/acid dump sump are pumped
to the first stage reaction tank.

The pH is lowered

CHRomE oUnlPS---I-_ _
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---j:::=-.l---,r---l
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Fig. 6 .
In-ground holding sumps showing segre gation
of the wastewater streams from the plating room
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with sVlfuric acid to 2.5 and controlled at this range
by a continuously operating pH analyzer.

Through the

use of an ORP analyzer (oxidation - reduction potential)
sulfur dioxide is added to convert the hexavalent
chrome to the trivalent form.

In the second stage

reaction tank, the pH is raised to a range of 8 - 9 by
the addition of sodium hydroxide and controlled at this

range by a pH analyzer.

At this pH the chrome precipi-

tates out of solution as a hydroxide.

The effluent

from the second stage flows by gravity to the final pH
adjustment tank (Figure 9).
The reactions laking place when a chromic acid
waste is treated with sulfur dioxide is as follows.

1.

First Stage Reactor
2Cr03

2.

+

3S02 = Cr2(S04)3

Second Stage Reactor
Cr2(S04)3 + 6Na(OH) = 2Cr(OH)3(s) + 3Na2S04

The first stage reaction is virtually instantaneous at a pH of 3.0 or less and will go to completion

even at a pH of 4.5 (Laney and Rice 1973) .

Representative reactions for reduction of
hexavalent

ch~omium

under acid conditions to trivalent

chromium using sulfite chemicals instead of 502 are
shown belows
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1.

Using sodium metabisulfite with sulfuric acids
4H2Cr04
+

2.

+

3H2504 = 3Na2504

+

7H 2 0

Using sodium bisulfite with sulfuric acid.

+

+

6NaH503

+

3H2504

= 3Na2504

2Cr2(504)3

Using sodium sulfite with sulfuric acid.
2H2Cr04
+

4.

3Na2520s

2[r2(50 4 )3

4H2[r04

3.

+

+

3Na2503

Cr2(504)3

+

+

3H2504 = 3Na2504

SH2 0

Using ferrous sulfate with sulfuric acida
2Cr03

+

6Fe504 • 7H 2 0

• Cr2(504)3

+

+

6H2504 • 3Fe2(504)3

4BH20

Among the commonly used reducing agents, sulfur
dioxide treatment has the potential of being the least

expensive.

However, in contrast to sodium metabisul-

file, hazards such as ruptured lines and leaking joints
must be considered when handling sulfur dioxide.

Also

the shipping, handling and storage of sulfur dioxide
are subject lo a number of safety regulations.

The

comparative cost of reducing agents is shown in

Table 5.

The unit costs used in this table arel
1 cent per pound for sulfuric acid
O.S cent per pound for lime and
The handling cost of chemicals at $1.00 per ton

TABLE 5
comPARATIVE COST OF REDUCING AGENTS

Process
Activ~

reducing agent

Sulfur
Dioxide

Sodium
Bisulfite

Sodium
Sulfite

Sodium
metabisulfite

Copperas

S02

NaHS03

Na2S02

Na25205

reS04·7H20

0.96

1.56

1.89

1.43

6.34

o

0.74

1.47

0.74

2.94

Lb Ca(OH)2/1b Cr03

1.11

1.11

1.11

1.11

2.22

Lbs dry 51udge/lb Cr03

3.07

3.07

3.07

3.07

6.16

Reaclanl price, c/lb

9.0

3.9

2.63

4.0

0.65

Reaclanl cosl c/lb Cr0 3

8.62

6.18

5.34

5.72

7.06

Acid cosl c/lb Cr03

o

0.74

1.47

0.74

2.94

Lime C05l c/1b Cr03

0.55

0.55

0.55

0.55

1.11

Handling cost c/1b Cr03

0.10

0.17

0.22

0.16

0.67

Tolal C05t c/1b Cr03

9.27

7.64

7.58

7.17

11.60

Lbs reaclant/lb Cr03
Lb H2504/1b Cr03

SOURCE. A. Kenneth Graham, ed., Electroplating Engineering Handbook
(New York. Reinhold Publishing Corp., 1~9~5~5~)~,~p~.~2~9n4~.~~~~~~~~~~~~
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7.2

Cyanide Treatment Process
metered caustic dumps and rinse water from the

cyanide holding sump are pumped at a rate of 5 gpm to
the first stage of a lwo slage treatment unil (Figure 6).
In the first stage reaction tank, the pH is raised to
10.5 by the addition of sodium hydroxide and continually
controlled at this level.

~~

Chlorine is added

con-

trolled by an OAP Controller to convert lhe cyanide

wastes to cyanate.
In the second stage reaction tank, the pH is
lowered to B.O - 6.5 by the addition of sulfuric acid

and continuously controlled in this range.

Chlorine is

added to complete the oxidation of the cyanate to
carbon dioxide and nitrogen.

The treated effluent

flows by gravity to the final pH adjustment tank
(Figure 9).

Tolal detention time in the cyanide treat-

ment system is sixty nlinules.

The chemical reactions

for the destruction of the cyanides is believed to
proceed in three steps according to the following
equations.

1.

NaCN • Cl2 = CNCI + NaC I

2.

CNC I

3.

2NaCNO + 4NaOH + 3Cl 2 = 6NaCl + 2C0 2
+

•

2NaOH = NaCNO • NaCl + H2 O

N2 • 2H20

The first reactlon, the oxidation of the

CYANIDE
RI NSES

CAUSTI C

•

ACID

p )----,

TD FI NAL pH
ADJ USTmENT
TAN K
( FI G. 9)

CAUSTI C
Dump s

Fig. B.

Cyanide trealment process
Nole. See Fig. 7 for legend
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cyanide to cyanogen chloride. eNCl, is almost instantaneous and occurs at all pH levels.

Cyanogen chloride

commonly known as tear gas, is a toxic gas.
The second reaction, the hydrolysis of the
cyanogen chloride to sodium cyanate, NaCNO f
dependent upon the pH.

is primarily

At a pH of 10 . 5 or higher,

th~

reaction is virtually completed in a matter of minutes.
At pH values lower than 10 the rate of hydrolysis is

slowed considerably . and pH values below this value
should be avoided due to the toxicity of the cyanogen
chloride.

In the third s t ep the sodium cyanale is oxidized
by the chlorine to harmless nitrogen and carbon dioxide.

This part of the reaction is also pH de p ende n t and is
accelerated by a decreasing pH.

At a pH of 8.5 or

less the reaction goes to completIon in about fifteen
to tw~nt y minutes (Goldst~in 1976).

The overall reaction requires about B.O parts
of chlorine and 7 . 3 parLs of sodium hydroxide for each
part of cyanide.

Th~

reagent

re~uirements

of the

reaction expressed as pounds of reagent per pound of
sodium cyanide are shown in Table 6.
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TABLE 6
QUANTITY AND COST OF ALKALINE
CHLORINATION REAGENTS"
Approx.

Cyani de
to CNO-

to C02 & N2

Total

Chemical
Cost, $**

C12

5.15

9.20

14.35

$4.30

NaOH

5.BO

7.02

12.B2

2.56

Reagent

Cyanate

SOURCE, A. Kenneth Graham, ed., Electro~lating
Engineerin~ Handbook (New York, Reinhold Pub1is ing
Corp., 195 ), p. 295.
4

Reagent requirements expressed as pounds per

pound of NaCN.

** Unit cost of chlorine $0.30 per pound
Unit cost of sodium hydroxide $0.20 per pound
In addition to the quantity of chlorine listed
in Table 6, 1.06 lb. of C1 2 is required to oxidize
each pound of copper and from 4 to 4: lb. of C1 2 for
each pound of nickel present.

These requirements for

oxidation of cyanate were determined experimentally as
part of an American Electroplaters Society Research
Project and are about eleven per cent above the stoichiometric requirements.
Sodium hypochlorite may be used in place of
chlorine.

Recent technical innovations in eleclro-

chemical hypochlorite generators for on-site use raise

the possibility of controlling the addition of
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hypochlorite to the cyanide solulion by controlling
the current to the electrochemical generator. using
sodium chloride as the feed malerial.

7.3

Solids Separation Process
Rinse waters from the acid/alkaline rinse

holding sump are pumped to the final pH adjustment lank
for blending with the effluent from the cyanide and
chrome treatment systems (Figure 9).

The pH , controlled

by a pH controller, is adjusted by the addition of

sodium hydroxide or sulfuric acid to the optimum pH
range B - 9 for precipitation of the metals as hydrox-

ides in the Lamella Clarifier.

The dentention time in

the final pH adjustment lank is twenty minutes.
Effluent from the final pH adjustment tank
flows to the clarifier holding tank.

From this tank it

is pumped to the Lamella Clarifiers flocculation tank

where a polymer is added to facilitate precipitation
of the heavy metal solids in the clarifier .

The sludge

from the clarifier is pumped to a sludge holding lank
and the clarified effluent flows by gravity to the

clear water holding lank.
The basic Lamella principle utilizes a series
of inclined settling plates in close proximity to each
other as the means of increasing settling area-pEr-unit
volume and at the same time reducing the over-all size

Fig. 9 .

pH Adjustment and solids separation
Note.
See Fig. 7 for legend
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of lhe unil (Cheremisinoff 1977).

Wilh lhe Lamella

inclined plate concept , the effective gravity settling
area becomes the area of each plate projected on a horizontal surface.

As a result. up to ten square feel of

settling area becomes available for each square fool of
floor space occupied by the unit.

Loading rates normally

used for the design of a conventional settler can be
used to size a Lamella settler.
In a Lamella Clarifier the influent waste
stream feed is introduced into the unit's flash mix
lank where it mixes with the coagulant aid and overflows
into the flocculation lank.

From the flocculation tank,

the feed flaws to the inclined Lamella plates through a
bottomless remtangular feed box.

The feed flows onto

the plates from the side and then upward exiting at the
lop of the Lamella lank lhrough flow dislribution ori-

fices sized to take a pressure drop that forces the feed
to be evenly dislribuled over all of lhe plates.

The

solids settle out onto the inclined plate surfaces and
slide downward into lhe sludge hopper.

The settled feed

from the discharge flumes overflows a weir into the overflow box and exits the Lamella at the top of the unit
lhrough the diSCharge pipe.

The small Lamella Clarifier for the chelated
treatment system (Figure 10) occupies sixty-six square
feel of floor space and is equivalent to a conventional
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clarifier having a diameter of seventeen feet .

The

second Lamella (Figure g) occupies 135 square fee t of
floor space and is equivalent to a clarifier thirty feel

in diameter .
7.4

[helated-Ammoniated Treatment Process
In the treatment of some complexed rinsewalers

it was found that if the pH of the rinse were lowered
to 2.7 where the complex dissociates , followed by lhe
addition of ferrous sulfate, then neutralized to a pH
above 9 , effective copper removal was ob t ained (W i ng ,
Rayford and Doane 1977) .

This treatment is effective

because the ferrous ion reduces Cu+ 2 to Cu~ and when
the pH is raised, the copper does not recomplex .

Acidi-

fication was used in the studies because it assists in
weakening or dissociating the bonds in the copper
complex.
In the series of tests shown in Table 7 , complexed copper solutions (1 , 000 ml) containing the
indicated copper concentration at pH 10.6 - 11.9 were
acidified with IN H2 S0 4 to pH 2.7.

Ferrous sulfate was

added as a solid and after five minutes, the pH was
raised to 11.2 with the base listed.

Naicolyte 676

(2.5 mg/l) anionic polyelectrolyte was added and the
solutions were allowed to settle five minutes before
filtering .

TABLE 7
COPPER REmOVAL FRom comPlEXEO
COPPER SOLUTIONS
Residual

Copoer
Cone. ,

mg/l
50
50
50
50
50
50
50
50
10
10
10
1000
1000
1000

Adjust ed
pH
2 .7
2 .7
2 .7
2 .7
2.7
2.7
2.7
2 .7
2. 7
2.7
2. 7
2.7
2.7
2.7

FeS04·7H20,

copper cone.

9

Fe 2+ /Cu 2 +

Bese

0.3
0.4
0.5
0.75
1.0
0.5
0.75
1.0
0.20
0.30
0.40
3.0
4.0
5.0

1.2
1.6
2.0
3.0
4.0
2.0
3.0
4.0
4.0
6.0
8.0
0.6
0.8
1.0

Ce OH
Ca OH
Ca OH
Ca OH
Ca OH
NaOH
NaOH
NeOH
Ca OH
Ca OH
Ce OH
Ca OH
Ca OH
Ce OH

mg/l
2
2
2
2
2

2
2
2
2
2
2

33.0
15.5
0.58
0.16
0.01
1. 25
0.22
0.05
6.60
1.42
0.07
421.0
147.0
0.36

Residual
t

i ron cone.

mg /l
4.74
8 .70
9 . 46
5.68
2.68
8.42
4.54
5.16
0.49
1. 52
1.00
27.5
65.0
12.5

SOURCE, R. E. LlJing, w. E. Rayford, and W. m. Doane, "ferrous Sulfate
Treatment for Rinsewaters from the Electroless Plating of Copper," Plating and
Surfece Finishing 64 (October 1977) , 39.
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As the copper concentration of the rinse

increases (10 mg/l to 1 , 000 mg/l), lhe fe 2 +/Cu 2 + ratio
can be lowered from B . O to 1.0 for effective treatment
(see Table 7).

The use of lime or sodium hydroxide to

neutralize the waste solulion was equally effec t ive in
copper and iron removal .

However, the use of sodium

hydroxide gave lower dissolved solids and less sludge.
Testing showed that a five - minute ferrous sulfate contact time was usually sufficient for good copper removal.

Table 8 shows the effect of pH on residual iron values.
As long as the pH was raised above 9.0 , the copper removal was excellent but to obtain lower residual iron

values, the pH had to be raised to 11 . 7.
The ferrous sulfate trealment was evaluated on
several commercial rinses with excellent copper remova l.
The results of a series of batch tests of Shipley
Copper baths are shown in Table 9.

f o r these tests

1,000 ml solutions containing the copper complexes at
the indicated concentrations were acidified with
2N H2 S0 4 to pH 2.7.

The indicated amount of ferrous

sulfate was added and the solution was stirred for five
minutes.
to 11 . 7

Calcium hydroxide was added to raise the pH
~nd

the solutions were flocculated with Nalco -

lyle 676 (2.5 mg/l) anionic polymer.
the solutions were filtered.

After settling ,

S2

TABL E 8
EFFECT OF FINAL pH* ON COPPER REmOVAL FRom
comP LEXE D COPPER SOLUTION
Residual

Residual
iron conc.
mg/l

Adjusled
pH

Final
pH

2.7

7.0

0.24

2S.4

2.7

9.0

0.17

10. S

2.7

11.0

0.14

4.S

2.7

11.7

O.OS

0.31

copper- co nc. ,

mg/l

SOURCE. R. E. Wing, W. E. Rayford, and W. m.
Doane, IIFerrous Sulfate Treatment for Rinsewaters from

lhe Eleclroless Plaling of Copper," Plaling and Surface
Finishing 54 (October 1977). 40.
* Adjust lhe solulions (SO mg Cull) lo lhe
desired pH wilh lN H2S0 4 • Treat solutions wilh ferrous
sulfate (FeS04 . 7H 20, 1.0 g) for five minutes, add
calcium hydroxide to lhe indicated pH and add Nalcolyte 575 (2.S mg/l) for flocculation. Afler setlling
five minutes, an aliquote (10 ml) was filtered through
What man 54 filter paper for analy s is

TABLE 9
COPPER REmOVAL fRom SHIPLEY COPPER comPLEXES WITH fERROUS SULfATE TREATmENT
I ni Ual

Residual

copper
cone ••

Bath

mg/l

2N~IS04'

f"S04. 7H 20 ,

Ca(OH)2'

9

copper cone ..

R"siduBl
iron cone.,

9

mg/l

mg/l

Oissolved
solids,

.. g/l

A

50

4.0

1.0

0.56

0.33

0 .53

~

10

1.6

0.4

0.27

0.21

0.47

6

50

4.5

1.0

0.61

0.27

24.B6

8

10

1.1

0.4

0.26

0.31

2.7B

C

50

B.2

1.0

0.94

0.20

14.17

~

"

10

loB

0.4

0.27

0.11

2.72

D

50

3.5

1.0

0.51

0.12

6.94

1,750

0

10

1.7

0.4

0.34

0.20

1.47

720

0

50

3.5

1.0

0.92

O.OB

6.85

2 ,320

0

50

3.5

1.0

20.5 .. 1
IN NaOH

0.16

B.BB

2,064

SOURCE, R. E. Wing, !II. E. Rayfo rd, and W. m. Doane, "rerrous Sulfate Treatment for Rinsewaler from the Electroless Plating of Copper," Plating and Surface
finishing 64 (October 1977), 41-

"I
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An East Coast PC board manufacturer treats six
eleclroless copper rinses and one alkaline elehant
rinse with ferrous sulfate in a continuous flow system.
The 100 liters per minute (26.42 gpm) flow of 20 - 30 mg

copper per liter consistently averages less than 1 mg
copper per liter after treatment (Wing 1978).

This

demonstrates that the treatment process is effective.
This treatment has also been shown to be
effective for the treatment of alkaline etch Cu(NH3)42

and alkaline cleaner (capper citrate) rinse waters and

is the treatment process selected for the Ocala facility_
See figure 10 for the flow diagrams for this p r ocess.
7.5

Final Filtration

The clarified water from each holding lank
fallowing the Lamella Clarifiers is pumped through
polishing filters to the effluent pH adjustment tank
where the pH Is controlled at 7 - 8 prior to final
discharge to the holding pond operated by Florida
Ridge Utilities (Figure 11).

This holding pond has a

capacity of 300.000 gallons.

Florida Ridge Utilities

pumps from the pond through a force main to their
treatment system for ultimate disposal with the effluent from their sanitary wastewater treatment plant.
The sludge formed by the settled solids from the

clarifiers is pumped from the sludge holding tank to
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the filter press.

The filtrate from the press is

returned to lhe fin a l pH ad j ustment lank.

The filter

cake. 25 -30% solids. Is hauled to a sanilary landfill
operated by marion County for final dis p osal by that
authority.

About 30-35 cubic feet of sludge cake will

be generated each day.
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8.0

CON STRUCTION ANO OPERATING COSTS

The lolal capital

reQuirem~nts

for lhis pre-

treatment system is $785 , 600 (1978 dollars)!

the

breakdown of the capital costs is shown in Table 10.
In this cost breakdown the assumption is made that the
system begins with the in-ground holding sumps.

The

capital requirements for the segregated wasle piping
from the plating facilities to the in-ground holding
sumps are a part of the installation costs for those
items.

Also excluded from the capital requirements

are any land costs and interest expense.

The total

capital requirements for the printed circuit board
plant excluding the prelreatment system is about $5.0
million.

Therefore, the cost of the pretreatment system

represents about 15% of that required for the total
plant.

Annual operating cost, excluding the capital
related charges for depreciation . interest , taxes and
insurance . is estimated at

~150,OOO

per year.

The

annual operating cost estimate includes wastewater
disposal cost estimated at $0 . 50 per 1 , 000 gallons but

does not include any sludge disposal costs or possible
fluoride treatment.
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TABLE 10
CAPITAL REQUIREmENT faR PRETREATmENT SYSTEm
Consultant

treat~bility

study

$l8,800

Waste treatment building and
captive pits·

114,800

Process engineering and equipment

417,000

Installation of process equipment
mechanical

52,700

Electrical

21,800

Sail Tests

1.300

Shared cost for owner for
fAU plant expansion, force

main and holding pond
Total

* Includes direct labor cost of

159,200
$785,600
o~ner's

engineering force for design and specification for sumps,

waste treatment building and installation drawings
for mechanical and electrical systems associated with
process equipment
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Descriptions of the major process tanks and
pumps are listed in Tables 11 and 12.

Both Lamella

Clarifiers are Lamella Gravity Settlers manufactured
by the Parkson Corporation.

The clarifier for the

chrome, cyanide, neutralization system is a model

860/5 5 (Figure 9) .

The clarifier for lhe chelated

ammoniated treatment system i s a model 300/55 (Figure
10) .

The final polishing filters prior to discharge

of the treated effluent are Cu lli gan Quadra-Kleen,
42" dia . x 60" .

TAB"E 11
PROCESS TANK SCHEDULE
Tank
Acid Storag"
Caustic Storage
Sulfate Storage
Lime CaC12 Storag"
Cyanide Tr"atm"nt
Chrom" Treatm"nt
Chelat"d Ammonlat"d Syst"m
1st Stag" Tr"atm"nt
2nd & 3rd stag" Treat,."nt
Fllt"r Holding Tank
Final pH Adjustm"nt
Clarifi",. Holding
Effluent pH Adjustment Tank
Sludg" Holding
Filt",. Holding Tank
Polym"r Fe"d
Polym",. Aging

01,."nslons
60" Ola. " 72"
60" Ola. " 72"
60" Oia. " 72"
38" Oia. " 54"
2-Section 3',,6'''4'
2-Sectlon 3'-6,,8'''4'
6',,7'-6",,6
2-Section 4'-6,,8',,5'
4'-6"4'-6,,5'
7',,10',,8'
7',,8',,8'
7',,8',,8'
7' Ola. " 10' Cone Bottom
7',,8',,7'
38" Oia. " 54"
38" Oia. " 54"

* Agitators, Lightnin Treatment Systems
A. model NO-I, 1/3 H.P.
B. model NO-lA, 1/4 H.P.
C. model NO-2, 1/2 H.P.
O. model NLOG-50, 1/2 H.P.

Cap .Gal.
750

Agitator*

-A

250
500
600

C
B
B

2,000
1,400
800
4,200
3,300
3,300
3,000
3,000
250
250

o
A

o
o

o
8

8
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TABLE 12
PROCESS pump SCHEOULE
Pump Function
Sump Transfer Pumps
Cyanide Rinse
Chrome Rinse
Chrome Oump
Caustic Oump
Acid Alkali Rinse
Ammoniated Chelated
Rinse
Oump.
Feed Water Pumps
Clarifier Feed
CiA Clarifier Feed
Sludge Transfer
Filter Press Feed
Polishing Filter Feed
CiA Polishing Filter Feed
Polishing Filter Backwash
Reagent Pumps
Aeid Recirculation
Caustic Recirculation
Sulfate metering
Lime CaC12 metering
Chlorinator Recirculation
Sulphonator Recirculation
Polymer Feed

mfg.

model

Lobee
Liquiflo
milton Roy
Vanton
Ourco

B LOES
Series 36
R 132-73
XB-PY-30B
3x2S-l0/BO

1/4
1/2
1/4
1/4
5

Ourco
milton Roy

1,xlS-6/60
R 132-73

1
1/4

Oureo
Our co
moyno
Sandpiper
Ourco
Ourco
Ourco

4x3-10/BO
1,xl-B/70
0-16GPm
SA 2-A
4x3-10/100
3x2-10/74
3x2-10/60

7.5
2
1.5

Durco
Durco
milton Roy
milton Roy
Vanlon
Vanton
mil ton Roy

Ifxl-6/54
1 xl-6/54
R162-72
R132-117
CG 300B
CG 30 B
R 122-117

HP

15
5
15
1
1
1/2
1/4

3
1.5
1/4

•

9.0

SUmmA RY AND CONCLUSIONS

The success or failure of a treatment t ec hnology at a particular facility must be examined with
care.

Variations in bath additives, processing

sequences, and general handling can have an effect on
waste treatment processes.

An effective treatment for

a large shop might be uneconomical for a small shoPI
therefore, no one technology can be considered as a
panacea for the industry.
Before considering treatment, the wasle
problem should be completely defined and where feasible,
reduced to the maximum extent possible by in-plant
control techniques with the emphasis on reducing the
volume of waste requiring treatment.

In addition

manufacturing process changes should be considered that
change the nature of the pollutant, such as (1) the
use of non-ammonia etching solutions (2) the use of
non-complexed processing solutions wherever possible,
and (3) the use of plating baths having more easily
treated chelating agents.
Heavy metal removal may be accomplished by
either batch or continuous treatment systems.

Batch

treatment is usually preferred when volumes to be
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treated are small, or where the waste is variable from
day to day and modification of the treatment is required as characteristics change.

When the wastewater

characteristics are uniform or when volumes are large,
a cont in uous treatment system should be considered.
The wastewater pretreatment system described
for the Ocala PC board manufacturing plant is under
construction.

Tne efficiency of the treatment processes

selected for the reduction of chromium, destruction of
c yan ide and precipitation of metals are documented in
a survey conducted by Yost and ma sarik 1975.

The

results of this study are summarized in Table 13.
Success has been reported for the process selected for
the treatment of the chelated ammoniated waste streams
(Wing 1978).
EPA is in the process of proposing pretreatment
regulations for electroplating companies discharging
their treated effluent to a PUblicly Owned Treatment
Works (POTW).

See Table 14.

It is anticipated that

this compliance date will probably be some time in
1982.

The comparison of the effluent discharge limits

set for the Ocala waste treatment plant with the
proposed limitations are shown in Table 15.

Based on

the data in Table IS, the only EPA parameter more
stringent than that s e t by DER is the requirement for
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TABLE 13
SURVEY OF THREE WASTE TREATmENT SYSTEmS
Average Effluent Concentration mg/l
C yani de
System
Ni Cr Total F ree* Total Type**
Cu

Zn
Plant 1

.23

.25

.25

.25

Plant. 2

.04

.05

.05

.05

.71

.17

.31

1.4

Plant 3

.23

A

.03

.19

B

.02

.03

C

.08

.24

poa
Stds***

2.0

1.5

1.8

1.5

SOURCE. K. J. Yost and D. R. masarik, Report on
a Surve of Three Exem lar Electro latin Waste
Treatment SrS ems.
West La ayette. Purdue University,
1975), pp. -23, 2-9, 2-19, 3-23, 3-25 .
* Free cyanide is cyanide amenable to oxidation
by chlorine

**

System type.
A.

Flow through system, 305,000 GPO

B.

Batch treatment processes
Cyanide 28,000 ga/batch
Acid-Chrome 45,000 gal/batch

C.

Flow through system, 491,000 GPO

*** Proposed Pretreatment Standards for
discharge to a POTW.

See Table 14
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TABLE 14
PROPOSED PRETREATMENT REGULATIONS

Pollutant

Concentration (mQ/l)
I-day ma~
30-day aver

For companies discharging less than 10,000 gal/day
Cyanide amenable
to chlorine destruction
Hexavalent chromium
Lead
Cadmium
pH

O.B

2.0
0.25

0.09
0.4
1.0
O.S
Adjusted to 7.5 to 10.0

O.B

For companies discharging more than 10,000 gal/day
Cyanide amenable
to chlorine destruction
Total cyanide
He~avalent chromium
Tot .. l chromium
Copper
Nickel
Zinc
Silver
Lead
Cadmium
Total metals*

0.2
0.64
0.25
4.2
4.6
3.6
3.4
1.0

O.B
1.0

7.5

O.OB
0.24
0.09
1.6

2.0

1.B

1.5

0.34
0.4
0.5
3.9

SOURCE. U.S. Environmental Protection Agency,
"Electroplating Point Source Category Proposed Pretreatment Standards for E~isting Sources," Federal Register
43, no. 31, 14 February 1978, 6573.
* Total of Cu, Ni, Zn, and total Cr.
include Cd and Pb

Does not
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TABLE 15
DISCHARGE LImITATIONS VS PROPOSED EPA REGULATIONS

Parameter

Limit mg/l

OER

EPA

Chromium, Hexavalent

0.5

0.09

Chromium, Total

1.0

1.6

Copper

1.0

2.0

Iron

1.0

Lead

0.05

0.4

Nickel

1.0

1.8

Tin

0.5

-

10.5

Flouride
Cyanide, Totel

0.05

Cyanide, Free·

*

Cyanide amenable to chlorine destruction

0.24
0.08
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hexavalent chromium (0.05 mg / l vs. 0.5 mg / l).

Since

the ant icip at ed chromium waste i s only 2% of the total
effluent , the hexavalent chromium content in the final
combined effluent should be well within the limits
proposed by EPA .

Thus, if the pretreatment system

performs as anticipated, all regulatory limitations
will be satisfied for the next few years.
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